Detailed functional analysis revealed the modular organization of pGI2, a 9672 bp plasmid from Bacillus thuringiensis H1.q that harbours the 4149 bp transposon Tn4430. Whereas the pG12 leading-strand replicon was identified through deletion experiments, sequence comparisons indicated the presence of an sso,-like single-strand origin commonly found among Bacillus plasmids. Southern hybridizatkn confirmed the existence of ssDNA intermediates, but only in the case of plasmid derivatives lacking the ssot site. Moreover, the pG12 replication protein Rep displayed significant similarity with that of pTX14-3, a 7 6 kb plasmid from 6. thuringiensis serovar israelensis, suggesting that both elements are representatives of a new family of rolling-circle replicating (RCR) plasmids. In addition, both plasmids share a conserved 320 bp region downstream of their rep genes which, in the case of pG12, appeared indispensable for replication. This region is therefore likely to correspond to, or to be part of, the actual double-strand origin of both plasmids. Another interesting feature of pCl2 is the presence of a mobilization (Mob) protein, as demonstrated by its ability to be mobilized by the conjugative plasmid pAW63 from B. thuringiensis serovar kurstalci HD73. The same transfer system was also used to unambiguously demonstrate similar properties of the related Mob-like protein from pTX14-3. A closer analysis of this family of related Mob proteins suggested a subdomanial organization among its members. Finally, the 270 residue pGl2 ORF2 was shown to be related to ORF43 of pMRCO1, a 60 kb conjugative plasmid from Lactococcus lactis subsp. ladis. Although no function has been assigned to the putative ORF43 protein, it is located downstream of a bacteriocin operon, next to an 15946 element. pG12 appears thus far as an assemblage of functional modules with no obvious metabolic function, presumabty acting as a reservoir of carrier (rep and so), rearrangement (Tn4430) or recruiting (Mob) entities for its bacterial host.
INTRODUCTION
One of the major characteristics of rolling-circle replicating (RCR) plasmids (reviewed by Khan, 1997) is their modular construction. Even the replication of the leading and lagging strands is governed by distinct modules. The minimal replicon responsible for leading Lagging strand replication mainly relies on host-encoded functions and starts from the so-called single-strand origin (sso), which is the sole element comprising the lagging strand replication module. It is located in a noncoding region with high potential t o form imperfect stem-loop structures. However, since sso activity is orientation-dependent, it does not rely entirely on secondary structures, but also on the DNA sequences themselves (del Solar et al., 1993 ; .
Although there is generally a good correlation between the sso type and plasmid host range, each particular sso being active only in closely related bacteria, some exceptions do exist. The ssot type found in native Bacillus plasmids and first reported in pBAAl (Devine et al., 1989) was also shown to be active in Staphylococcus aureus . Similarly, the sso, type, originally isolated from Staphylococcus, is functional in multiple Gram-positive bacteria, including Bacillus strains (Boe et al., 1989) . Another module often present in Gram-positive RCR plasmids is a mobilization entity that enables plasmid transmission between bacteria during conjugation ( G u z m k & Espinosa, 1997; Meijer et al., 1998) . As pointed out by Ilyina & Koonin (1992) , the organization and activity (DNA nicking and strand displacement) of the plasmid-transfer module are reminiscent of those of the minimal replicon, with the mobilization protein (Mob) and origin of transfer (oriT) corresponding to the Rep and dso, respectively. This mobilization module is however not restricted to RCR elements, but is also present in 8-replicating plasmids. Indeed, detailed comparisons of oriT sites and Mob proteins hhve so far revealed four families : three from 8-replicating plasmids (Lanka & Wilkins, 1995) and that from the Grampositive RCR plasmids (Guzman & Espinosa, 1997; Meijer et al., 1998; Ilyina & Koonin, 1992) .
Other modules may be present as well, but far less is known about their potential biological role. For the Bacillus subtilis plasmids pTAlO15, pTA1040, pTA1050 and pTA1060, several putative metabolic modules have been identified through their similarity to existing chromosomal systems. However, experimental confirmation of their function is still required (Meijer et al., 1998) . In Bacillus thuringiensis, even less is known about the loci present on cryptic plasmids. In the presumably &replicating plasmid pHT1030, the only features identified so far are the segregational stability gene sp6A (Lereclus & Arantes, 1992) and the mobile elements IS232 and Tn4430, both often found in the B.
thuringiensis genome (Mahillon et al., 1994; Leonard et al., 1997) . pG12 is the second smallest plasmid from B. thuringiensis H1.l, a strain containing at least six plasmids: three large ones ( > 50 kb) and three small ones ( < 15 kb) called pGI1, pCI2 and pGI3 . Genetic characterization of pGI3, the largest of the three small molecules, revealed that it is a RCR plasmid and defines, together with pSTKl from Bacillus stearothermophilus, a new family of rolling-circle replicons (Hoflack et al., 1997) . pGI1, the smallest one, is also a RCR plasmid belonging to the pC194 family (L. Hoflack & J. Mahillon, unpublished results) . pGI2 was shown to be a 9672 bp molecule containing the transposon Tn4430 (Mahillon & Seurinck, 1988) . In this paper, we report on the detailed functional analysis of pGI2, including its double-strand and single-strand replication module, the activity of its Mob proteins and the influence of different modules on its segregational stability. The distribution of the pGI2 replicon among members of the Bacillus cereus group is also analysed.
METHODS
Bacterial strains and plasmids. Tables 1 and 2 list the bacterial strains and plasmids used in this study. Media and growth conditions were as previously described (Hoflack et al., 1997) .
When required, antibiotics were added at the folIowing concentrations : 100 pg ampicillin ml-', 4 pg tetracycline ml-', 6 pg chloramphenicol ml-', 20 pg nalidixic acid ml-', 100 pg streptomycin rnl-', 20 pg erythromycin ml-l for Bacillus and 200 pg erythromycin ml-l for Escherichia coli. All antibiotics were obtained from Sigma, except for erythromycin (from Duchefa). DNA manipulations. Restriction enzymes were purchased from New England Biolabs, Klenow enzyme and T4 DNA ligase from Boehringer Mannheim and Taq polymerase from Pharmacia Biotech. All enzymes were used as specified by the manufacturers. DNA fragments were isolated from agarose gels using Gene Clean I1 (BiolOl). Plasmid DNA isolations were performed as described by Voskuil & Chambliss (1993) for Bacillus and as described by Sambrook et al. (1989) for E. coli. Total DNA from Bacillus was prepared as previously reported (Hoflack et al., 1997) . Sequencing was performed with the AutoRead 1000 Sequencing Kit and the Automated Laser Fluorescent ALF DNA sequencer of Pharmacia Biotech. The sequencing primers were designed with the OLIGO program (version 4.0, National Biosciences, Plymouth, MI, USA). DNA and protein analyses were performed with the IntelliGenetics software, release 5.4 (IntelliGenetics, Moun- tain View, CA, USA). Database searches were performed with the GCG package (Genetics Computer Group, version 8, Madison, WI, USA). The 530 bp pGI2 fragment used in the distribution study was obtained by PCR with primers 5'-GAGAAAAAAGAAAAGT-3' and S-TAATAAATAATGC-GTATGTA-3', amplifying a DNA region corresponding to positions 10-148 of the 204 residue Rep protein. The conditions used were those described for the detection of pG13 (Hoflack et. al., 1997) .
Plasrnid constructions. Table 2 gives the description of the constructions used in this study. pG12 was cloned into pGI401 (Josson et al., 1989) as a SalI fragment, resulting in pGI208. Self-ligatian of the 9009 bp KpnI fragment generated pGI2203, a pG12 derivative lacking Tn4430. Because pGI2203 contains two BanII sites, pGI2205 was constructed by ligating the 6675 bp Pad-SalI pGI2203 fragment and the 1956 bp BanIISalI pGI2203 fragment. Further details of the constructs described in Table 2 are available on request. Mating in broth. Mobilization of the different pGI2 derivatives was done as previously described (Andrup et al., 1996) . The donor strain AW17, a B. thuringiensis serovar kurstaki HD73 strain cured of pHT73, one of its two conjugative plasmids, was resistant to streptomycin. Selection of the transconjugants was performed on erythromycin and nalidixic acid, to which the recipient strain (AW43, B. thuringiensis kurstaki HD73 cured of both conjugative plasrnids) was resistant. The For pTX14-3 mobilization, the conjugation experiments were conducted in a plasmid-cured strain of B. thuringiensis serovar israelensis. Two CmR derivatives of pTX14-3, one containing the intact mob gene (pAND007) and the other containing a deletion-derivative (pAND008) , were electroporated into the streptomycin-resistant B. thuringiensis serovar israelensis strain GBJ0Ol (Jensen at al., 1995) . experiments with a Nal" recipient (GBJ002, Jensen et al., 1996) . The transfer frequencies of both the conjugative plasmid pAW43 and the pTX14-3 derivatives were determined in short-term mating experiments (mean of three experiments).
Assay for segregational stability. The different plasmids tested for their segregational stability were electroporated into strain AW17 (a StrR derivative of HD73) and the recombinant clones were grown at 30 "C without antibiotic selection. After 10, 20, 30 and 40 generations, aliquots were spread on Total DNA was prepared as previously described (Hoflack et al., 1997) from exponentially growing cultures that were incubated with 100 pg rifampicin ml-I for 10 min prior to harvesting. ssDNA detection (Noirot-Gros & Ehrlich, 1994) was done with or without S1 nuclease treatment of the D N A samples, and with or without DNA denaturation before blotting. Southern analysis was performed with a 1137 bp DIG-labelled probe (Boehringer) corresponding to a KpnINheI pG12 fragment harbouring the rep gene.
RESULTS

Updating pG12 sequence and organization
Database searches with the predicted products of the cryptic ORFs from pGI2 (ORF1, ORF2 and ORF3) revealed that ORFl showed similarity with the Cterminal part of the Rep protein of pTX14-3, a B.
thuringiensis ismelensis plasmid (Andrup et al., 1994) . However, the N-terminal part of the pTX14-3 Rep protein also displayed similarity to a short ORF upstream of ORF1. This prompted us to revise the pGI2 sequence (EMBL accession no. X13481) : three A/T bp were deleted, at positions 5031,5079 and 6640, and the G/C bp at position 4732 was replaced by an A/T bp. These revisions extended ORF2 by 6 7 a a at the Cterminal end (now 270 aa) and ORFl by 89 aa at its Nterminal end (now 204 aa Fig, 1 . Structural organization of pGl2 and determination of i t s minimal replicon. ORFs are indicated as white boxes, with the frames reading from left to right. Tn4430, the 120 bp region homologous to pG13 and pTX14-3, the $50 and the oriT site are indicated as grey boxes. Ability (+) or inability (-) of the different constructs to replicate in B. thuringiensis (Bt) and B. subtilis (6s) is indicated at the end of each plasmid. Restriction enzymes used for the different constructs are indicated. Note that the cleavage site of Kpnl is also present in the vector.
Leading strand replication
The revised ORFl (Fig. 1 (Fig. I ). Detailed comparison of this pGI2 region with the entire pTX14-3 sequence revealed that, in both plasmids, a 320 bp segment downstream of their rep genes was 84% identical (compared to the 59% identity of their rep genes) and contained a 106 bp GC-rich region (coordinates 5698-5803 and 1765-1870, for pGI2 and pTXl4-3, respectively) showing 98% identity (Fig. 2b) . In pGI2, this extremely conserved sequence overlaps with the 220 bp NbeI-ME11 segment (positions 5780-5999) required for replication (Figs 1 and 2b) . Therefore, based on these observations, it is tempting to suggest that these regions located downstream of the rep gene may correspond to pGI2 and pTX14-3 dso, a structural organization not reported previously.
Some RCR plasmids [at least some of the pE194 family members (Espinosa et al., 1995) and pSTKl from the pGI3 family (Narumi et al., 1995) Fig-3 . Alignment between the sso-like sequence of pGl2 and the 550 of pTA1040 and pBAA1 from 8. subtilis, pTX14-3 and pTX14-1 from 6. thuringiensis and pPLl from M. halophilus. pBAAl is an so,,-type origin and pTA1040 an sso,,-type.
Putative stem-loop structures are indicated as horizontal arrows above the sequences (Meijer e t a/., 1995) . The conserved motifs are shown as boxes l-ill, whereas the boxed sequences labelled B-44 represent the conserved 44 bp region present in pG12, pTX14-1, pTX14-3 and pPL1. Note that the putative pPtl sso only harbours the first two conserved boxes and IR. The minimal region for efficient sso activity, as experimentally determined, is shown as <B and B > for pBAA1, <L and L> for pLSl(sso,,-type), and <T and T> for pTA1060. The remaining part of the s o still present in pGI2204-49 and pGI2204c is located upstream of 'A'. Coordinates of the sequences are indicated.
to lo9 c.f.u. (pg DNA)-l using pUC19 as reference plasmid, no pGI2e transformants could be obtained, suggesting that pGI2 is unable to replicate in E. coli.
lagging strand replication
In pGI2, a 250 bp sequence 62% identical to the sso of pBAA1, called s o t , could be found in the intervening sequence between ORF3 and the mob gene (Fig. 1,  coordinates 7405-7654) . Beside the structural conservation (five stem-loop structures), three conserved motifs that were identical in pBAAl and pGI2 could also be delineated (Fig. 3) . These secondary structures and conserved motifs were also identified in two RCR plasmids co-residing in B. thuringiensis israelensis, pTX14-3 (Madsen et af., 1993) and pTX14-1 (L. Andrup, unpublished results, EMBL accession no. U67921), and in several B. subtilis RCR plasmids (Meijer  et af., 1998) . In pPL1, a RCR plasmid isolated from the Gram-positive Mavinococcus halophilus, a region simi- lar to the first half of the pTX14-1 sso has also been reported (Louis & Galinski, 1997) . As shown in Fig. 3 , the first two conserved blocks and inverted repeat (IR) structures were present, whereas the third consensus sequence and the last three stem-loops usually found in s o t could not be detected. For the B. subtilis ssot structures, sequence similarity indicated two different subtypes, called s o t l (e.g. pBAA1) and s o t Z (e.g. pTA1040) . The sso from one subtype displayed 96 % identity, whereas both subtypes showed 77 */o identity. Our alignments suggested that the sso of pGI2, pTX14-1, pTX14-3 and pPL1 cannot be considered as one of these two subtypes, nor do they belong to the same subtype as their identity does not exceed 80 '/o. Yet they all clearly fit the general characteristics typical for sot, with the exception of pPL1, where only the first half of the structures was conserved (Fig. 3) . Although deletion experiments to delineate the active sso for pBAAl suggested that only the first three stem-loops were important for efficient ssDNA conversion , a similar experiment performed with pTA1060 indicated the involvement of all five stem-loops (Meijer et al., 1998) . Previous experiments with pTX14-3 sso had shown that small amounts of ssDNA could be detected only when the full sso or the first and part of the second stem-loop was deleted. Moreover, rifampicin treatment of cultures harbouring pTX14-3 did not result in ssDNA accumulation, suggesting that the pTX14-3 sso might follow a RNA-polymerase-independent route to render ssDNA molecules double-stranded Madsen et al., 1993) . Consistent with these results, pBAA1 analysis revealed that most ssDNA was accumulated when the cells were harvested 10 min after rifampicin treatment. Longer incubation resulted in ssDNA decline . To unambiguously prove that pGI2 is a RCR plasmid, ssDNA detection experiments were performed with the appropriate pGI2 derivatives. As in the case of pTX14-3, no pGI2 ssDNA could be detected in its host strain, B. thuringiensis Hl.1, not even after rifampicin treatment (data not shown). This suggested that ssDNA conversion is extremely efficient, and might follow a RNA-polymerase-independent pathway. Southern hybridization was then performed on total DNA isolated from exponentially growing cultures of B. thuringiensis HD73, transformed with pGI2 derivatives either lacking the sso (pGI2210) or harbouring only the first stem-loop (pG12204c), which had been treated with rifampicin 10 min before harvesting. As can be seen in Fig. 4 , both derivatives did accumulate ssDNA (lanes 1 and 3 for pGI2204c and pGI2210, respectively) eliminated by the S1 treatment (lanes 2 and 4) and specifically transferred in non-denaturing conditions (Fig. 4b, lanes 1 and 3) . The presence of high-molecularmass plasmid multimers is also indicative of a RCR mechanism.
pG12 mobilization module
Upon DNA sequence analysis of pGI2, an ORF displaying similarities to those encoding ' site-specific recombinases' from other Gram-positive plasmids was found (Mahillon & Seurinck, 1988 ) (labelled mob in Fig.  1, coordinates 7829-9166) . A more detailed study of these so-called mobilization proteins also revealed two conserved motifs in their N-terminal parts (Ilyina & Koonin, 1992; Guzman & Espinosa, 1997) . In Fig. 5 , a selection of representative Mob or Mob-related proteins (including those of pTX14-1 from B. thuringiensis and pPLl from M . halophilus) were compared using the COMPARE, BESTFIT and GAP programs. It should be noted that a -1 frameshift has been introduced at the end of the originally proposed mob gene of pTX14-3 (Andrup et al., 1991) (around nucleotide position 400). It extended the protein by 71 residues highly similar to those present in the pGI2 and pTX14-1 Mob proteins. The relationship among these proteins is strikingly different depending on whether one considers their Nor C-terminal half. Taking a threshold of 30% identity, these proteins displayed a subdomanial organization. Specifically, pairwise alignments of the N terminus suggested two groups: those from pPLl and pTXl4-1 that are similar to the pTX14-3 Mob-like protein on the one hand, and the Mob of pGI2, pMV158 and pTB53 on the other. Analysis of the C terminus indicated different relationships : the four most related proteins are those from pGZ2, pTX14-3, pTX14-1 and, to a lesser extent, pTB.53 ; that of pPLl is distantly related (less than 25 identity) and that of pMV158 is apparently unrelated. (I and It) . In pTX14-3 Mob, the symbol **** represents a 71 amino acid region ignored in order to optimize the alignments, whereas the symbol // indicates the position of the new C-terminal end of the pTX14-3 Mob protein. This C-terminal end extends the original proposed sequence by 71 amino acids that are highly homologous to the pTX14-1 and pGl2 C-termini; it requires the introduction of a frameshift around nucleotide position 400 in pTX14-3 sequence (resulting in a frame 1 to 3 shift). The active tyrosine is that conserved within box I. The length of each protein is also indicated.
Sequence comparisons done by Ilyina & Koonin (1992) showed that the actual Mob proteins and those from the pTX14-3 group all possessed two conserved boxes in their N-terminal parts, although gaps had to be introduced within the conserved domains in order to match those of the pTX14-3 group (Fig. 5, boxes I and 11) .
More recent alignments performed by Guzrnin & Espinosa (1997) with pMV158 Mob also indicated two conserved regions. In this case however, conservation members of the same family. The putative pG12 oriT could be located through alignment, as it is almost identical to that of pTAlO1.5 and pTAlO6O (Meijer et al., 1998) ; this 30 bp sequence is located immediately downstream of the sso, 80 bp upstream of pGI2 mob gene (Fig. 1, coordinates 7721-7750 ).
Both pGl2 and pTX14-3 Mob-oriT modules are functional with the corresponding regions in the pTX14-3 group
The mobilizing capacity of pTX14-1 and pPLl remains was clearly much lower (Fig. 5 , regions A and B) . In untested, and the function of pTX14-3 mob has not yet addition, the Mob-like proteins from the pTX14-3 group been settled. Indeed, previous experiments using the have a different spacing between the two boxes in aggregation-mediated conjugation system of pX016 comparison with those of the other group.
from B. thuringiensis serovar israelensis could not
The corresponding structural features of these associate a mobilization-enhancing activity with the mobilization modules are the oriT sites, the cognate putative Mob protein . However, sequences recognized and nicked by the Mob proteins. this conjugation system was recently shown to mobilize These loci are also highly similar among different many different plasmids, both natural and artificial, Matings were between strains of B. thuringiensis serovar israelensis. Data are the mean number of transconjugants per recipient ( n = 3).
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t Transconjugants selected on agar plates containing nalidixic acid and chloramphenicol. 2.2 x 10-4 3.2 x 10-3 2.5 x 10-7 6-2 x 10-7 ATn4430 AORF2 AORF3 Asso AB-44 AoriT Amob < lo+ "The structural organization of these derivatives is shown in Fig. 1. 3-44 represents the 44 bp intervening sequence between the putative sso and oriT sites of pGI2. This region is conserved among the pTX14-1, pTX14-3, pPLl and pTB53 plasmids. including those lacking mob genes and oriT sites (Andrup et al., 1996) . It is thus fundamentally different from other known transfer systems and is inappropriate to study the potential mobilization activity of pTX14-3. Therefore, the newly described pAW63 conjugation system of B. thuringiensis serovar kurstaki HD73 was used. This system can indeed mobilize non-conjugative plasmids via a Mob-dependent mechanism (Wilcks et al., 1998) . The conjugation experiments were performed in a B. thuringiensis serovar israelensis strain cured of all its plasmids. The pAW63 conjugative plasmid, tagged with the Tn5401 transposon (Wilcks et al., 1998) , was used to transfer the pAND007 (Mob+) and pAND008 (Mob-) derivatives of pTX14-3 . As shown in Table 3 , inactivation of the mob gene (pAND008) had a drastic effect on the transfer frequency of pTX14-3, with more than a lo4-fold reduction, whilst pAW43 transfer frequency remained similar in both experiments. These results confirmed a contribution of Mob to pTX14-3 plasmid mobility. Similar experiments were performed with several pGI2 derivatives. In the case of an intact Mob-oriT module (Table 4 , pGI2203), 3.2 x transconjugants were obtained per recipient cell, a frequency similar to that obtained with the corresponding pTX14-3 derivative (Table 3, pAND007) . Likewise, inactivation of the mob gene (pGI2211) resulted in a 5 x 103-fold decrease in the transfer frequency, a situation analogous to that of pAND008. Removal of the oriT site (pGI2209) reduced conjugal transfer severely, whereas removal of both elements (pGI2204-49) abolished it totally. It is interesting to note that although pGI2205 harboured both the putative oriT and mob gene, its mobilization activity is essentially similar to that of the Mobderivative (pGI2211). This observation suggests the possible involvement of the 44 bp intervening region located between the mob gene and the ssot-structure in the transfer activity. This region is also present in pTXl4-3, pTX14-1 and pPLl (Fig. 3) , and a similar sequence was also detected upstream of the pTB53 mob gene (EMBL accession no. D14852). Finally, a 10-fold reduction in mobilization efficiency was observed between pGI2203 and pGI208. Although no simple explanation can account for this observation, it could possibly result from the size difference between the two derivatives and/or interference of Tn4430 in the transfer process.
Segregational stability
In order to assess the impact of the sso and Mob-oriT modules on pGI2 segregational stability, four derivatives (pGI2203, pGI2211, pGI2209 and pGI2205, Fig. 1) were transformed into strain AW17 of B. thuringiensis HD73 and monitored for stability during 40 generations. As shown in Table 5 , inactivation of Mob (pGI2211) had little effect on plasmid stability, even after 40 generations (only 5 % of cured strains). This contrasted with the drop in plasmid-bearing cells observed when the sso site was deleted (pGI2205). Removal of both sso and oriT (pGI2209) resulted in an even more deleterious effect, with only 24 ' / o transformants left after 40 generations. These observations indicated that the pGI2 sso, identified by its similarity to other sso, is not indispensable but substantially contributes to plasmid stability, presumably by avoiding accumulation of ssDNA. They also suggested a possible interference of pGI2 oriT in this process, although at this stage one cannot discriminate between a direct or indirect effect. (Table 1) . Whereas 10/34 B. thuringiensis strains contained a PCR product with the expected 0-5 kb size (B. thuringiensis Btl, HD14, TO1 002, TO1 027, T03B001, T04B001, T14 001, T18 001, T21001, T42 OOl), none of the B. cereus and B. mycoides strains gave any PCR signal. Interestingly, in all the strains examined but one (HD14), pGI2 was only found in those also containing the pGI3 replicon (Hoflack et al., 1997) , the largest of the three cryptic plasmids from B. thuringiensis Hl.1 .
DISCUSSION
Southern hybridization proved that pGI2 is a RCR plasmid and, although its replication protein is distantly related to that of pTXl4-3 (30% identity), pGI2 can be considered as the second known member of the pTX14-3 RCR family. Moreover, deletion experiments also indicated that a 320 bp sequence located downstream of the Rep protein is indispensable for pGI2 replication. Interestingly, a very similar sequence occupies the same relative position in pTX14-3. It is therefore tempting to speculate that this sequence is the actual dso of both plasmids. However, such a location downstream of Rep has not been reported previously and therefore this assumption requires further confirmation.
The pGI2 sso is of the sso,-type, which is commonly found in B. subtilis [pTAlOlS, pTA1020, pTAl030, pTA1040, pTA1050 and pTA1060 (Meijer et al., 1995 , and pBAAl ], and is also present in pTX14-3 (Andrup et al., 1994) and pTX14-1. ssot is thought to consist of three conserved boxes and five stem-loop structures . Recently, a RCR plasmid isolated from M. halophilus was also found to harbour an sso,-like structure bearing only the first two conserved boxes and two stem-loops. Since it has been elucidated for B. strbtilis that at least the first three IR are important for efficient conversion of the ssDNA intermediate , it would be interesting to find out whether the differences between the Bacillus s o t and the sequence found in the M. halophilus plasmid merely reflect host-range diversity, or imply that this pPL1 structure has no sso function.
In pGI2, ssDNA could only be detected in derivatives lacking the full sso, or harbouring only the first stem-loop. In its original B. thuringiensis H1.l strain, no pGI2 ssDNA was observed, not even after rifampicin treatment. This implies that ssDNA conversion is very efficient and able to follow an RNA-polymerase-independent pathway. This feature had already been found for pTX14-3 s o t , where rifampicin treatment did not result in any ssDNA accumulation. Tiny amounts of ssDNA could only be observed in plasrnids lacking either the full sso, or a region comprising the first stem-loop and part of the second hairpin . Also, ssDNA detection from cells harbouring pBAAl showed that incubations longer than 10min with rifampicin resulted in ssDNA decline, arguing for the existence of a RNA-polymerase-independent pathway in addition to the rifampicin-sensitive process. For another sso type, namely sso, from pWV01, the RNA-independent pathway was studied in detail (Seegers et a!., 1995) . The results indicated that the first of two stem-loops was sufficient for ssDNA conversion using the alternative route, whilst the RNA-dependent route needed both IR (Seegers et at., 1995) . This is probably not the case for ssot from pG12, since the construct harbouring the first stem-loop accumulated significant amounts of ssDNA.
Another striking result is that obtained with the pGI2 mob module that proved to be active in mobilizing pGI2 during transfer mediated by pAW63 from B. thuringiensis serovar kurstaki HD73. Some doubts had arisen because, although the pGI2 Mob N-terminal half showed homology to the mobilization protein of pMV158, its C terminus was related to the Mob-like protein from pTX14-3 shown to be active in plasmid hlodular organization of pGI2 (Andrup et ul., 1995 (Andrup et ul., , 1996 The recently sequenced 60 kb pMRCO1 plasmid from L.
Iclctis subsp. luctis contained a t least 64 putative ORFs organized into three hnctional domains, those of plasniicl transfer, plastnid replication and bacteriocin production (Dougherty et ui., 1998) . In the latier, the last 286 a a ORF43 displayed 39 % identity with pGI2 ORF2. Unfortunately, no function has yet been assigned to this putative protein, only its location downstream of the lacticin operon. Thus, with the exception of ORF2 and ORF3 to which no putative function can yet be assigned, the 9672 bp pGI2 plasmid appears as a n intriguing reservoir of various transfer and rearrangement modules ;I r t i c 11 1 at ed on t r a n s p o sit i o n a I and site -s p eci fi c r eco mbination (Tn4430, Mahillon & Lereclus, 1988) 
